The role of the immune response to measles virus in acute infection or in disease states associated with this virus is of major interest. The viral genomespecified surface antigens of measles, the hemagglutinin and fusion proteins, are likely to be of paramount importance with respect to the host immune response to the virus. This report describes initial studies aimed at assessing the immune response to the major surface glycoprotein, the hemagglutinin. This antigen was purified by affinity chromatography, using a monoclonal anti-hemagglutinin immobilized on Sepharose. The purified protein retained biological activity in hemagglutination assays. This activity could be specifically inhibited with a human antimeasles serum and with monoclonal antibody to the hemagglutinin. Lymphocytes from individuals known to proliferate to measles-infected monolayers also proliferated to the purified hemagglutinin. Thus, the immune response to measles virus is, in part, directed to this surface antigen.
Measles virus is a ubiquitous infectious agent ofhumans ofconsiderable biological importance. In most natural infections, the virus produces a self-limiting disease culminating in long-term immunity. This same paramyxovirus, however, is associated with a persistent infection which leads to a progressive neurological disease, subacute sclerosing panencephalitis (SSPE) (1, 7) .
Much attention has been focused on the differences in antibody responses to the polypeptides of the virus in normal individuals compared with patients with SSPE (6, 18, 20) . In contrast, little information is available on the cellular response to this virus. Recent studies have compared the cell-mediated immune response to measles virus with that of mumps and vaccinia viruses in lymphoproliferative assays. Although substantial responses were observed in immune individuals to mumps and vaccinia viruses, only a small number (6 of 150) ofmeasles-seropositive individuals responded to measles virus (13 One deterrent to studying the immune response to any virus is the number and complexity of antigens involved in the response. The primary targets in the recognition and effector phases of the immune response to measles virus are the viral genome-encoded surface antigens, the hemagglutinin (HA) and fusion (F) proteins (4) . This report describes the purification of the major surface antigen of measle virus, the HA protein, and its reactivity with antibody and human peripheral blood lymphocytes. The availability of this purified antigen should facilitate the examination of the cell-mediated immune response to measles virus and the elucidation of the mechanisms which control the response. (14) . In some experiments, the method described was used to obtain membrane fractions from unlabeled uninfected as well as infected MA-160 cells.
MATERLAIS AND METHODS
Anti-HAS. The C-2 clone (14), which produces monospecific antibody (immunoglobulin Gl [IgGlK]) against the HA protein, was injected into BALB/c mice pretreated with pristane. Immunoglobulin from the resulting ascitic fluids was precipitated with saturated ammonium sulfate and further purified by diethylaminoethyl-cellulose chromatography. Each fraction was analyzed by double diffusion in agar, using rabbit anti-mouse IgG and goat anti-mouse serum, and by radioimmunoassay for anti-HA activity (14) . Fractions containing only IgG and anti-HA antibody were pooled and dialyzed against Dulbecco phosphatebuffered saline. The anti-HA pool containing 21.8 mg of IgG was coupled to 22 ml of cyanogen bromideactivated Sepharose 4B (2) . The efficiency of this reaction was 88%. The resulting anti-HA immunoabsorbent (anti-HAS) was washed with 0.1 M glycine, pH 2.8, followed by 0.2 M borate-buffered saline, pH 8.0, containing 0.1% azide and stored in the latter buffer at 4°C.
Purification of measles HA. Anti-HAS (2.0 ml of packed Sepharose) was placed in a 5.0-ml syringe and equilibrated with RIPA buffer. Membrane fractions solubilized in the same buffer were passed over the column at a rate of 1.0 ml/10 min. The column was washed with 10 column volumes of RIPA followed by a similar quantity of 10 mM Tris-hydrochloride, pH 8.0, 1 mM EDTA, and 0.1 % Nonidet P-40. The adsorbed HA protein was eluted from the column by using the latter buffer containing 3.0 M potassium thiocyanate. The eluted protein was dialyzed against phosphate-buffered saline at 4°C. PAGE. SDS-PAGE slab gels (9.0 %) were prepared as previously described (10) . Gels were fixed and stained with Coomassie brilliant blue, destained, and dried under vacuum. Autoradiography was performed with Kodak XR-2 X-ray film at -70°C.
HA and HAI. HA and HA inhibition (HAI) assays were performed according to a previously described procedure (8) (3, 15, 19) , was present in greatest quantity in the plasma membrane-enriched fractions (bands 4 through 6). These fractions also contained the majority of the 125I surface-labeled components. Very little of this 76,000-dalton component was observed in the most dense fractions containing the rough endoplasmic reticular membranes (bands 1 and 2). Measles nucleocapsid protein (molecular weight of 60,000) was enriched in these fractions, consistent with the density ofthe viral ribonucleic acid-nucleocapsid protein structures (15) . This protein was essentially absent from the plasma membrane-enriched fractions.
Solubilized membrane components from fractions 4, 5, and 6 were then passed over the anti-HAS column. Protein bound by the column eluted as a sharp peak of radioactivity (fractions 52 through 56) which represented 20% of the total radioiodinated material applied to the column (Fig. 2) . This material was dialyzed and analyzed on SDS-PAGE (Fig. 3, lanes 3 through  5) . Both Coomassie brilliant blue staining and autoradiography revealed the presence of a single polypeptide component with a molecular weight of 76,000, consistent with that of the measles HA. The polypeptide components of the starting material and of the material which did not bind to the affinity columns were compared by SDS-PAGE, using equivalent protein concentrations from each fraction (Fig. 3, lanes 1 and  2) . Densitometric determinations indicated that greater than 90% of the HA protein was removed from the starting material by the anti-HAS column; otherwise, the polypeptide compositions of the fractions were identical. Essentially all of the HA bound to the affinity colunm was subsequently recovered by elution with the chaotropic salt.
Biological activity of purified HA. The purified 76,000-dalton peptide was assessed for HA activity with rhesus monkey erythrocytes. Serial twofold dilutions of the purified protein beginning with 12 ,ug/ml were examined in standard HA assays. Positive agglutination was observed at a 1:64 dilution, corresponding to a final HA protein concentration of 20 ng. Commercial antigen preparations assayed in parallel resulted in HA titers of 1:64 as well.
It has been reported that a complex of monomeric HA is necessary for agglutination of erythrocytes (16 (13) were studied. Table 1 shows examples of the proliferative response of lymphocytes from two high-and two low-responding individuals to measles-infected MA-160 SSPE monolayers. Table 2 shows the responses of lymphocytes from these same individuals to plasma membranes derived from infected or uninfected monolayers as well as to the purified HA protein. Lymphocytes from individuals known to respond to infected monolayers ( Table 2 , no. 1 and 3) significantly responded to MA-160 SSPE plasma membranes over a broad range of antigen concentration. Lymphocytes from these donors also responded to the purified HA antigen. The magnitude of this response, however, varied with respect both to that observed with membranes from infected cells and to HA protein concentration. Donor 3 responded equally well to the MA-160 SSPE membranes and to the purified HA, with little diminution in response to the latter over a 50-fold concentration range. In contrast, donor 1 consistently responded to a greater degree to the plasma membranes from infected cells than to the purified HA antigen. The response to the HA protein diminished rapidly upon dilution of the antigen. The response of the third highresponding individual resembled that of donor 1 (data not shown).
Lymphocytes from donors known to minimally respond to measles-infected monolayers (no. 2 and 4) also responded poorly to membranes derived from infected cells and the purified HA antigen. In five separate experiments using two different preparations of the HA protein, it was consistently observed that lymphocytes from three donors known to respond to measles-infected monolayers also responded to membranes from infected cells and the purified surface component of measles virus, the HA protein. 
